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SUMMARY

R Fairing compositions are applied to alreraft surfaces,
welds and junctions of metal plates, and rivet depressions %o
improve the aerodynamic efficiency of the airplane at high ...
speeds, 4 critical problem involved in their use is the main--
tenance of satlsfactory adhesion to the metal under the ox—
tremes of temperature, weathering, and vibration encountered
in service, This report describes tests which were developed
to evaluate fairing compositions and presents the results of
measurements with experimental mixtures of various plastics,
fillers, and solvents., Important factors in obtaining satis—
factory performance ars low moisture absorption, a softening
temperature no higher than the temperature of application, and
a coefficlent of thermal expansion at low temperatures equal
to that of the metal,

A method is describved for formulating fairing composi—
tlons which have, within limits, desired coefficients of
thermal expansion, The necessary proportions of fillers can
be computed with constants determined from measurements witk
binary mixtures, Constants for commonly employed fillers
are pregented, "

Fairing compositions which adhered satisfactorily to
aluminum alloy vhen subjected to the sccelerated service
tests were formulated with vinyl acetate resin, A proposed
composition consists of 20 parts vinyl acetate ATAF, &R
parts asbestine 3X, and 25 parts of zine dust dispersed 1In
a mixture of 2 parts ethyl ether and 1 part acetones to0 a
solvent content of 20 percent,

INTRODUCTION

Phis report presents the results of an investigation to
find a suitable plastic composition for filling depressions
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on metal elrcraft, These depressions occur at rivets, welds,.
and Jjunctions of metal plates, TUnless these depressions are
properly filled, the aerodynamic efficiency of the airplane
at high speeds is appreciadbly reduced, Materials for thisg
purpose have been called rivet and depression fillers, fair-
ing compositions, and aerodynamic smoothing compounds,

4 satiasfactory composition for this purpose should have
the following characteristics:

1, Adherence toc the metal when wet and when dry

2, Adherence to the metal at all temperatures betwoen
71° ¢ (180° F) and —B7° ¢ {(-70° F)

3, Adherence to the metal whenr the structure is subjectod
to vibration

44 Good weathering properties

b, As low a density as po;sible

6, Nonhazardous in applicétion or in service
7., EBasy application

8, Dry or sot quleckly to & hard mass capable of belng
sanded readily :

9, Ingredients commercially avallable

The first four characteristics are essential to satis—
factory performance, 4 low density is desirable to keep the
total welght added to the airplane as low as possidble, Tae
remaining charecteristics are cliefly concerned with problonms
inveolving production and application of the fairing compogi—~
tions, Since the satisfachory performance of alrcraft is of,
primary importance, it was decided to find £illing composi~
tions which would give satisfactory performance under simu—
lated service conditions and then to study the applicrstion
characteristics of the most promising ones,

Between May 1939 and September 1941 outdoor exposure
tests were made on plastic compositionsg for filling depros—
sions_on metal surfaces, The specimens of vinyl ascetate resin
composition were in excellent condition at the snd of the
exposure tests, These tegte indicatesd thaib satisfactory fair-
ing compositions based on plastic materials could be developed
to withstand ground conditions encouyntered in Washington, D, C,
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In a previous report (reference 1) an analysis of fac~
tors involved in maintenance of adhesion of plaestic to metals
indicated that matching of thermal expansivities would im-
prove the resistance of the bond to thermal changes, Hence,
particular attention was given during the course of this
work to formulating faliring compositions which would have
thermal expanslivities approximating those of aluminum,

This investigation, conducted at the National Bureau
of Standards, was sponsored by and conducted with the
financial asgistance of the National Advisory Commlttee for
Aeronautics, \

MATERIALS

The plastlc materials used in this investigation are
described in table 1, The fillers worked with during the
course of this Investigation are described in tahle 2, Com-
mercial fairing compositions which were included in the in-
vestigation for comparative purposes are identified in
table 3,

Various plasticizers, selected on the basis of data
obtailned during previous work on other projects, were used
in gome of the compositions, The plastic materials, plasti-
clzers, and fillers were mixed with various solvents and
ground together in a ball mill to form experimental fairing
compositions, The experimental compositions were formulated
on the basis of the principles indicated in this report, 4
purely empirical investigation would have involved several
times the number of compositions which were included in
this work,

TESTING PROCEDURES

Simulated Service Tests

To evaluate the performance characteristics of the fair-
lng compositions, accelerated service or aging tests were
devisged and used, These tests include (1) immersion in water,
(2) exposure to low temperature and room temperature in altsr
nating cycles, (3) accelerated weathering, (4) vibration, end
(5) a cyclic combination of heat, ultraviolet light, fog, and
low temperature, In general, compositions which were not sat-—
lsfactory in one test were not subjected to subsequent tests,
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The speclimens for these tests were prepared by applying
the filling compositions to indentations on 0,0l2-inch—-thick
aluminum—~alloy sheet and allowing them to dry for at lesast
3 days. »

To estimate the effect of water on the adherence of the
feiring compositions to the metal, the specimens were immersed
in water by 25° ¢ (77° P) for 24 hours, removed, and examined,

To estimate the effect of low temperature, specimens
were placed on dry ice In an insulated box for 30 minutes,
removed, and allowed to stand at room temperature for 30
minutes, One cold and one warm exposure period ccnstituted
& cycle, which was repeated 30 times or until failure occurred
a8 indicated in the tables,

To estimate the effact of weathering, specimens were
subjected to the 240-hour sunlamp—-fog accelesrated weather—
ing test described in method No, 6021 of Federal Specifica—
tion I-P-406a entitled "Plastics, Organic: General Specifica—
tions, Test Methods,” )

To estimate the effect of vibration at low temperatures,
specimens were vibrated in an insulated box as cantilever
beams through an angle of 3% at 1800 oscillaticns per minute,
Dry ice was placed in a wire basket around the vibrating speci-
men for L hour and was removed for the next hour, A fan wos
used to circulate the air within the box during the cold part
of the cycle and air taken ln from the :.amurrounding room
during the warm part of the cycle, The tempsrature fell %o
—40% C (=40°F) within 20 minutes after the dry ice was placed
in the box and rose to 0° C (32° P) within 5 minutes aftew
the ice was removed, The minimum temperature obtained in
each cycle was approximately —65° C (~85° F) and the maximunm
was approximately 25° C (77° F), The eycle of conditions was
repeated as many times as 1s indicated in the tadbles,

To estimate the combined effects of heat, ultraviolot
light, high humidity, and low temperature, specimens wers
subjected to the following oyclic test:

4
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Condition | Period of gxposurse Deseription
(ar) '
A 15 Ultraviolet light and heat

from an S—1 sunlamp; method
No, 6021 of Federal Specifi-
cation 1-P-406a; temperature
approximately 65° C (149° ¥),
Fog.

Approzimately —30° ¢ (-223° ®),

See A above,

See B above,

Q W O o W
P . S . S ™ S .V

See C above,

The periods of exposure t0o the various conditions were adjusited
s0 that the .specimens were exposed to condition A for a total
of 200 hours, to condition B for 40 hours, and to condition ©
for 20 hours,

It was found that some compositions which were satisfac—
tory at =300 C (-22° P) were not satigfactory at lower tempera-
tures, Consequently, in'the latter part of the work, instead

of placing the specimens in an atmosphere mainteined at appr ox—
imately —-80° ¢ (~22° F) for condition C, thsy were placod di-
rectly on a plece of dry ice in an insulated box,

Water Absorption

The water absorption of the plastic materials was de—
termined by method N¥o, 7031 of Federal Specification I-P-406a,

Thermal Expansion and Softening Temperature

The specimens used in these tests were molded bars APPT OX=
imately 7,5 by 0,5 by 0.2 inch, The length was measured t0 the
nearest 0,01 inch, The specimens were conditioned at 25° ¢
(77° F) and 50 percent relative humidity prior to testing,

The mean coefficient of linsar thermal expansion was
measured with the equipment shown schematically in figure 1,
The measurements were made by starting at a low temperature,
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about =75° ¢ (-105° F), and ralsing the temperature approx-
imately 1° C per minute, The rate of increase in tempera—
ture was controlled by regulating the heat output of the
electric heating coils with an external rheostat, The tem
perature of the specimen under test was measured with a
thermocouple and a potentiometer, The measurements were
made by setting the potentiometer for regular temperaturec
intervals and recording the oxtension when no deflection

of the galvanometer pointer was produced by opsniug and
closing the potentiometer circuit, By plotting the exton~
sion in length against tempsrature, a curve was obtained fron
which the mean coefficient of linear thermal expansion was
determined, A correction factor of 0,3 X 10-8/00C for the
range —=50° to 0° C was added for the expansion of the fused
guartz tubesg, The method of measurement is essentially that
descrlbed in Natlional Bureau of Standards Research Paper

RP 29, It ig possible to ocbtaln an accuracy of better than
2 percent wlth this type of equipment, '

The expansivity determined from a cooling curve 1is
essentially the same as that determined from a heating curve,
1f the temperature of the specimen remains below its softening
temperature, At temperatures slightly below the softening
temperature of the material, dimensional changes will occur
which reflect the prior mechanical and therzal history of
the specimen, A gimilar phenomenon has been observed in
measurements of the expansivity of vitreous enemsls at much
‘higher temperatures (reference 2), This difficulty is not
encountered in the case of vinyl acetatc resin becasuses 1ts
softening temperature (or annealing temperature) is very clecse
to ordinary room temperatures, Because of the nature of the
mechanicel neasuring system ths value obtained fron the hepi-
ing curve ig congldered t¢ be the more reliable, The rTate of
heating also 1s easier to control than the rate of cooling,

The coefflcient of thermal expansion of a material is
not the same for all temperature ranges; it generally in-
creases with an lIncrease in teuperature, For practical pur—
poses, the coefficlent of thermal expansion nay be assumed %o
be a congtant below the softening range, The validity of this
procedure 1g indicated by the curves in figure 2,

The softening range is indicated by a change in the slope
of the expanslon-temperature curve followed by a decrease in
length of the specimen, The lower 1limit of the softening
temperature range thus defined indicates the beglaning of
appreciable plastic flow under the influence of the nominal
stress lmposed by the measuring system, The upper limit
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indicates the temperature at which the rate of plastic flow
exceeds the expansion, These softening temperature ranges
are in good agreement with the values obtained in this lab-
oratory by another method and wlth recent data reported in
the literature (reference 3) for unfilled plastics, The
results do not always agree with softening tomperature or
heat distortion points determined by other methods,

RESULTS OF TESTS

Water—Immersion Tests-

The results of the water—immersion tests are given in
table 4, Typical water absorption data for the various
plastics are given in tadble 5, It is observed that the conw
positliong which adhered initlally and during the water im-
mersion contained cellulose nitrats, vinyl acetate resin,
methyl methacrylate resin, styrene resin, and thermoplastic
phenclic resin, The cellulose nitrate compositions which
were satlsfactory contained 20 percent glycol sebacate or
20 percent methyl phthalyl ethyl glycolate with solvent
No, 3., The adhesion of the vinyl acetate compositions wasp
uniformly good, The begt adhesion of sbtyrene was obtained
when applied with heat, although the materlial crazed on
cooling, The thermoplastic phenolic resin was porous and
weak initially, The hehavior of methyl methacrylate resin
wag erratic,

Hone of the cellulose acetats, cellulose acetate
proplonate, cellulose acetate butyrate, thermosetting
phenol—formaldehyde, urea—formaldehyde, or melamine—
formaeldehyde compositions had satisfactory adhesion, The
failure of the cellulose derivatives in the water—immersion
tests appears to be caused by the large dimensional changeas
resulting from the absorption of water, The extent of di-
menslonal changes has been shown t0 correlate wsll with the
hygroscopicity of the plastic {(reference 4), The urea—
formaldohyde and melamine—-formaldchyde plastics separated
from the metal in the process of curing before the water—
immersion tests were started,

Thermal Expansion and Softening Temperature

The coefficlents of thesrmal expansion and softening
temperature ranges of some of the plastic materials which
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were subjected to the'waten-immersion tests were determined
and are reported in table 8,

The effect 0f several flllers in reducing the expansivity
of vinyl acetate compositlions is shown dy the data in table 7,
The most efflcient of these fillers for reducing the coeffi-
clent of thermal expansion of vinyl acetate resin are the
asbestines, It should be noted also that the various types
and amounts of filler affect the softening temperature range
to different extents, '

Temperature—Cycle Tests

On the basls of these data on the coefficients of thermal
expansion of various plastics and fillers, compositlions were
formulated and applled to aluminum sheet, The specimens were
subjected to alternate exposure to room temperature and low
temperature, The results ohtained with the vinyl acetate
resin compositions are given in table 8, those obtained with
the styrene compositions are gilven in table 9, and those cb—
tained with the cellulose nitrate compositions are given in
table 10, Two itypes of fallure were obgserved, The failure
of thick coatings usually began by the plastic separating
from the metal at the edges of the coating, The fatlure of
thin coatings usually began with a crack in the plastiec,

Only thin coatings of unfilled plastiecs withstood more than
1 eycle of freezing and thawing, Cellulose nitrate plasti~
cized with 20 percent methyl phthalyl ethyl glycolate
(santicizer M-17) withstood 30 eycles of freezing and thaw- .
ing when the f1lm was less than 13 milg thick; thicker coat—
ings separated from the metal after a few cycles,

The results in these tables indicate that as the thormal
expansivity is made to approach that of the metal by the addi-
tion of fillers, the resistance to exposure at low tempoera—
ture is improved., The results for specimens 11, 12, 13, 1%,
and 18 in table 8 appear to be exceptions, dut it should be
noted that the filler settled during the drying period which
resulted in a higher concentration of filler in the plastic
layer adjacent to the aluminum, These coatings also were
thinner than most of the applications of other materials,

The high filler concentration lawers the coefficient of ther—
mal expansion of that part of the plastic, The expansivities
given in the tables are for uniformly mixsed compositiong, The
agreement between the behavior in the freezing—thawing test
and the behavior expected on the basis of expansivity also
is good for $he styrene and celiunlose nitrates compositions,



NACA TN No, 958 9

The compositions which gave satisfactory results in the
freezing—thawing test were subjected to the sunlamp—~fog cycliec
accelerated weathering test, The results are given in table 11,
None of the styrene or cellulose nitrate compositions was sat—
isfactory, Most of the vinyl scetate resin compositions were
gsatigfactory in this test,

The compositions which were satisfactory in the previous
tests were subjected to (1) the vibration test and (2) the
combined heat—ultraviolet light — high humldity - low temper—
ature test, Three commercial materials and several additional
experimental compogitions were also sudbjectsd to these tesis.
The results are given in tables 12, 13, and 14, The results
Of these two tests did not dlffer significantly from those
of previous tests, '

Densgity

The regults of denslty measurements made on dried speci-
mens 0f several experimental and commercial products are given
in table 15,

DISCUSSION OF RESULTS

The typical failure of the filling compositions encoun—
tered in the simulated service tests was separation of the
bond between the metal and the plastie, The stresses causing
the bond to break arose, in most cases, from the difference
between the ‘dimensional change of the plastic composition
and that of the metal when the specimens were subject=d to
the various btests,

Causes '0f Separation of Fairing Compositions from Metal

There are three principal factors which cause dimensional
changes tendlng to separate the plastic from the metsl., They
are as follows:?

(1) shrinkage of the plastic composition by volatilization
of plasticizers or of retained solvent, or by fur—
thsr polymerization, All these may bz classed
under the single heading Shrinkage on Aging|,

(2) Swelling and shrinkage of the plastic caused by the
absorption and desorption of moisturse
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(3) Expansion and contraction resulting from changes in
temperature

Adhesion failures frequently result from the shrinkage
caused by loss of solvent (reference 5). This usually
occocursg during the drying stage. The shrinkage usually can
be controlled by & choice of solvents. Diluents should be
avoided since they tend in many cases t0o cause excessive
shrinkage,. (See references € and 7.) The addition of soze
slowly evaporating solvent which lowers the yield point so
that plastic flow will take place in tho plane of the film
during drying should be included in the solvent formulation,
This also provides a longer tims for the plastic flow to
take places Slowly evaporating solvents do not seem to be
needed with materiels which have low softoning temperature
ranges, such as vinyl acetate resin. Application of thick
pastes containing & minimum amount of solvent also reduces
the shrinkago,. b

The shrinkage caused by loss of plasticizer is not im—
mediately apparent in service since the rate of loss usually
is very slowe. Plasticizers cause the plastic to flow more
readlily by reducing the elastic yield point and by lowering
the softening temperature range. As the plasticizer is lost
during aging, the elastic yiold point at room ftemporaturec,
and the softoning temperature range will rise and may reach
the point at which the plastic may have no apprec¢iably flow
at ordinary temperatures., This is shown by the succossive
inercascecs in the softening temperature range of cellulosc
nitrate compositions containing 15 percent mothyl phthalyl
ethyl zlycolate heated for different lengths of time at
500 ¢ (table 6). Vinyl acetate resin has & distinct advon—
tage over some other plastics in that its softening temper—
ature rango without plasticizer is low cnough t0 permit
plastic flow under the influence of small stresses at room
temperatures

Dimensional change resulting from a change in moisture
content is oan inherent property of & plastic material sad
is roughly proportional 40 the amount of moisture absorbed
or desorbede Fillers which absorb very 1ittle moisturoe
tend to reduce the amount of moisture absorbed by theplastic
composition, Therefore, when dimensional stability is de-—
sired, the uvse of minocral fillers is indicated,

Dimenslonal changes resulting from differences in cuoef-—
ficlents of thermal expansion may be responsible for the
fallures of the bonds Bt temperatures bslow the softening
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temperature range of the plastic composition (reference 8).
If it is assumed that the deformation of the metal is negli-
&ible, the tensile stress in the film can be ostimated fron
the coefficients of thermal expansion of the plastic and of
the motal and the modulus of elasticity of the plastic, AL
tenperatures bolow the softening temperature range, the
plastic flow is slow, and as the temperature decreases the
vield point increases, Assuning that (1) the change of ton—
perature occurs &t such & rate that the plastic flow 1s nog—
ligible or (2) the stresses produced arc below the clastic
linit of the vwldaetic, tho unidirectional tonsile stress in
the filn nay be estimeted fron tho following equation:

Tensile stress = (Ap — A&y) (T, — T3)E, (1)
where
A coefficient of thermal expansion
E mnodulus of elasticity
T 4enperature

Subscripts a and b refer to plastic and netal, respoc—
tively, and 1 and =2 refor %o different tenpsratures,.

This equation is valid only at tenperatures below the sof-
tening tenperature range since tho plastic flow will be ap-—
preciable under small stresses above this btenperature range.,
Plastlic flow of the naterial will rellove some of the stress,
It also should be noted that this equation gives only that
part of the tensile stress on the £iln resulting from the
change of tenperaturs from T, to T3, Appreciable stresses
nay arise on golng from the softening tonperature to T,

and fron dinensional changes resulting fron drying, aging,

or variations in noisture contonts The sheoaring force ot

the bond can be estimated by nultiplying the stress by tho
thickness and the width of the plastic filn,

The force requirdd.to malntain the length of a filn
attached t0 the metal would be greater than that calculated
fron equation (1) because of the lateral constraint, These
tensile forces nust be puztained in shear by the bond be-—
twoen the metal and the filn,
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Control of Stresses Resulting from Thermal Changes

The stresses arising from a change in temperaturse
(equation (1)) of a plastic-metal combination may be reduced
(1) by making the coefficient of thermal expansion of the
Plastic composition as nearly equal to thaot of the metal as
poseible, (2) by reducing the modulus of elasticity of the
plastic composition, (3) by lowering the softening tempera—
ture range of the plastic. The sheoaring forces can be Te-—
duced by the use of thin plastic films, Controel of fillm
thickness is not practicable for this application, )

The coefficlent of thermal expansion of a plastlc com—
posltidn is determined by (1) tho plastic, (2) the filleres,
and (3) the plasticizers. Since thesc factors also control
the modulus of elasticity and the softening temperaturs
range, any change 1in formulation to obtain a change in one
of ‘these properties will result in changing the other two -
propertiese The addition of £illeors to plastics wususlly ro-
ducos the coofficient of thormal oxpansion, The data pro-—
sented in table 6 show that the magnitude of the effect is
different for each epecific flller as well as being dcpend—
ent on the amount of filler:, The variation of expansivity
of mixtures of vinyl acetate resin and aluminum powder is
shown grapihlecally in flgure 3, The points for curve 4 are
the welghted averages on & volume basis; the pecints on
curve B are the weoelghted averasges on a welght basisi curve
C represents the experimontal resulte, These curves shovw
that the coefficient of thermal sxpansion of a plastic con—
position is not usually the avoerage calculated from the
exponsivities of the individual constitdonts In the compodi-
tlon and the portion of each in the nixtures Tha coecffi-
clents of thernal expansion of vinyl acetate resin mixed
with' zine yellow, bronze powder, quartz, and asbestino,
respectively, are shown graphicelly in figure 4, Figure 5
shows tho expansivity of mixtures of polystyrone and asbes~
tine,

The following equation has been found to represent the
experinental curves in figures 3, 4, and 53

A = A’I‘GI‘PI' + AfoPf + o e @ (2)
n = —==5L b
GI'PI‘ + CfPf + e e

where

A coefficient of t hermal expansion
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C a constant

P oproportion by weight
Subscripts:

m mixture

r resin or plastic

f filler

This egquation is of the same form as that glven in a previ—
ous report (reference 1) The constant € appears to be
proportional to the bulk modulue of elasticity divided by
the dengitys. The proportionality factor is also dependent
on the shape and size of the particles and on the distribu—~
tion of tho mateorial in the matrize. It wae assumed that

- the constant ¢ for each specific filler and cach plastic
wvas independent of the other components of & mixture if the
ingredients are evenly distributed.

Constants determined by the use of equation (2) for
binary nixtures are given in columns 5 and 8 of table 16,
The ratlio of the derived constant € to the bulk modulus
of elasticity divided by the density for the various fillors
is shown in column 7 of table 16, The fillers with the
higher ratios reduce the coefficients more in proportion %o
thelir potontial capacity than thoss. with lower ratios when tho
various filloers are used in equal amounts and arc uniforaly
distributeds The ratio appears to depend on the shape and
gize of the particlses.

‘Many of the plastic—filler mixtures investigated for
use in filling rivet depressione werec fornulated from the
constants in tadble 16 and calculations nmade with egquation (2),
In most instancesthe calculated values were very near the
measured values. These results are presented in table 1l7.

The spocimens used %o make the measuremsnts of coeffi—
client of thermal expansion contained none o¢r very little
Bolvents The compositions as applied will contain at first
a large amount of solvent, which will result in a highor
coefficlont of expansion., (See tadble 8, specimens 30 %o
33.) This solvent content will decrease rapidly on aging,
thus bringing the coefficient close %0 the limiting valuoce
The retalned solvents also cause a decrease in the soften—
ing tonmperature range and undoubtedly in the modulus of
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olasticitys, This will result in reducing the stresses;
while the coefficient of 'thormal expanslon of the plastic
is highexr than that of the nmetal,

4 low modulus of elasticity is particularly important
when resistance to vidration and impact is roeguired.
While the incorporatlon of fillers increasss the nodulus
of elasticity at room temperature, the modulus of the
f1lled plastic romains fairly constant to very low temper-—
atures; whereaos tho nodulus of an unfillled plastic 1la—
cgeases rapidly with & decrease in tenperature (roference
8l,

METEODS OF APPLICATION

Two nethods of application were considered: (1) the
hot -nelt method, and (2) the solvent method., Vinyl acoctate
resin conpositions were used in most of this workes

Vinyl acetate resin compositions can be readily ap—
plied by spreading with a spatula when the netal and the
plastic are heated to 1209 to0 1500 ¢, Other plastic con—
positions also can be applied by this nethod, although sone
compositions may rcquire heat and pressure. One advantage
of this nothod is the very short sotting time required be—
fore the naterial can be sanded satisfectorily., Two dig—
sdvantages are: (1) it has been reported that the corrdsion

‘resistance of aluninum alloys is decreased by heating at
these tenperatures, and (2) it is not practicable to hoat
large netal structures and pieces for this purposc,

Atteonpts were nade to apply the hot plastic conmposi—~
tiong to cold metal, but the resuldts wors not satisfactory.
The conposition cools so rapidly when it conmes into conbaet
with the cold metal that the bond is broken as soon as it
ig forned, even though the conposition isg capable of consid-—
erable plastlc flow above room teumtperatursc. The rate of
plagtic flow is not high enough tomconpensate for the ther—
nal contracition.

The usual nethod of applying falring comnpositions isg
with solvents. Since the hot—melt nethod d4id not appear ta
be practicable at the present tinme, the seclvent method was
investigated, Acetone and mixtures of acetone and ether
were found to make the fastest drying vinyl acetate resin
conpositionse These solvents do not adversely affect the
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performance characteristices as shown by the various tests,.
Sufficlient solvent is used to make a thick paste which can
be readlly applied with a spatula. The vinyl acetate resin
compositions may be applied by a spray gun if the mixbture
is thinned sufficiently with solvents Tho thinner for
sprayling should contain some slowly eovaporating solvent,
such as Cellosolve. Pastes made with methyl acetate woro
found to dry almost as rapidly ase those made with acetonac.
The addition of 5 to 10 percent of Cellosolve serves to
keep the paste from drying %tooc rapidly after removal from
the container or in the open can pending application. The
addition of Cellos¢olve zlso improves the working gualitics
of the paste, but lengthons the drying time. To speced dry—
ing, it was found advantageous to subject the plastic com—
positions to radiation from infrared lamps after some eir-—
dryinge The effects -of various solvonts used with vinyl
acetate rosin compositions are shown in tadble 14,

In attonpting to shorten the drying time required befere
sanding, it was observed that increasing the percentage of
fiilers, pariticularly asbestinse, was very oeffective. The
highly filled material can be sanded while the resin still
contains a considerable amount of solvent. This offect was
utilized in preparing compositions to meot drying time ro-—
guirenents specified by aircraft manufactuwrers. The highor
flller content ralses the softening temperature and makos
the material less flexible.

SERVICE TESTS

Compositions made of 40 parts of vinyl acetate resin
(Vinylite AYAF), 55 parts of asbestine 3X or 565X, and 5 parsits
of aluminum powder were selected initially for service
tests. Sufficient acetone was added to make a thick pasto.
These conposlitions which were found %o have an cexpansivity
of approxinately 28 x 10-%/°¢ (eluminum has an expansivity
of approximately 22 X 10-%/°0) withstood 30 warm—cold cycles
without failure and also withstood succoessfully the othor
simulated service tests. Samplos of these composltions
were submitted to the Chance-Vought Division of United Alr-~
craft Corporation, %o the Waval Air Experimental Station at
Philadelphia, Pa., and %0 the U.S. Naval Air Station at
Yorfolk, Vae, for eveluation. The Chance-Vought Division
reported that the composition dried tooc slowly and had o
tendency to skin in thick sections mnd that the application
and workling properties were not good,s Tha Worfolk Alr Sto—
tion reported that the conposition dried too fast ian the
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can on handling and tooc slowly in thilck soctions and thot
the conposition was difficult to handle,

Those results indicated that faster drying time and bot—
ter working properties were neocessgary., One of thoe most
offective nethods of producing faster drying nixtures and
of Inproving working properties ig by lncreasing the flller
content. Since the mixture of 40 parts of vianyl acetate
resin end 55 parts of asbestine gives a composition which
hos an expansivity nearly egual to that of aluninunm, the
addition of sluninun does not affect it very nuchs.s Comlpo—
sitions theroforec were ilnvestigeited in which the proportion
of aluninun powder was inecrcased., Because of the forn of
the aluninun powder (flat plates) the adhesion to the metal
base was reduced and the Adrying tine was increased slightly.

An increase in the proportion of ashestine dcercases
the drying time but also decreases the expansivity. OCoensc—
quently, & mixture of 20 parts of vinyl acetate resin and
56 parts of asbestine, which givem & composition with an
expansivity less than that of aluminum, was compounded with
25 parts of zinc dust, which raised the coefficient of ther—
mal expansion 0 22 x 10-%/°0., The not result of this
change was %o increase the filler content from 60 to 80
percent by weight. The wet fairing composition consieted
of 80 porcent solids and 20 percent solvent, which was a
mlxture of 2 parts sethyl ether and 1 part acetone, Aluminum
strips coated with this composition dried as rapidly as the
Acme glagzing putty (the fastest drying commercial product
tested) and passed the 260-hour accelerated service test;
strips coatod with the Acme product will not pass tho
accelerated service test.

Tho sanple of Opex glazing putty listed in table 3 was
received for test after the completion of this experimental
work, This putty successfully withstooed 30 alternato
cyeles of exposure to dry ice and room temperature and the
240-hour acceolerated weathering tost. The putty has a high
coefficient of thermal expansiocn, 54 X 107%/°C for the ton—
peraturc range =509 40 ~59 ¢, but a low softening tempera-—
ture range, =8° to 5° ¢, It is rigid at -18 G (09 F).

By application of the tests and principles described
in this report it may be possidle to dovelop other failring
compositlions as satisfactory as or superior to those resulbt—
ing fron this investigatlon, A1l the plastics were not
Investigated thoroughly because of laek of time, When this
work was started, nany of the synthetic rubbers, which
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appear to have some of the properties necessary for this
application, were not available,

CONCLUDING REMARKS

On the basis of the present investigation the follow-
ing concluding remarks regarding feiring compositions for
aircraft surfaces are made:

The essentisl characteristics of a satigfactory rivet
fillor for aluninum alloy are as follows: .

{1) Low noisture absorption

(2) A softening temperature range approximately the
sane &s or lower than the temperature provail-—
ing during the drying period

() A coefficient of thermal expansion at low tempera—
ture approximately egual to that of zluminun
end aluninun alloys, 19 t0 23 X 107 per degros
centigrade .

(4) Excellent resistance to aging; the essential
properties should not change appreciadbly on
aging

(5) Satisfactory application properties

Thoe softening temperature range of a plastic is re-
ducdi and tho thermal expansivity is increascd bdy the
presence of plasticizers or retained solvents.

The softoning tenperature range of a plastic is in-
ecreascd and the thermal expansivity 1s rceduced by the in-
corporation of fillers, The proportion of filler required
to give o particular coefficient of thermal expansion can
be conmputed with constants deternined from nmeasurocnents
nade on binary nixtures, by means of the following equo—
tion:

Arch + A GfPf F x e o

chI‘ + cfPf + e e o

Ap =

where A 1g the éoefficient of thermal expansion, € is 2
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constant, P is the proportion by weight, and the subsecripts
m, r, and £ refer %o mixture, resin, and filler, respec-
tivelye PFillers with particles which are acicular or in the
form of small flat plates are the most sffective in reducing
thermal expaonsivity. Spherical particles have the least
cffect,

Filled vinyl acetaete resin compositions have been
formulated which adhere to aluminum alloy when subjected %o
a serics of drastic accclerated service tests, including
vibration at temperatures alternating betwoon —65° ¢ (~85° T)
and 25¢ ¢ (77° F). Comnmercial fairing compositions which
wore tested separated from the metal whon subjected t0 these
conditions, ZExarples of two such vinyl acetate compositions
are (1) vinyl acotate rosin AYAF, 40 percent; asbestine 5X,
55 percent; and powdered aluminum, 5 porcent; and (2) vinyl
acetate resin AYAF, 20 percoat; ashbestine 3, B5 percent:
and zinec dust, 25 percent,

¥Wational Burcau of Standards,
Washington, D. 0., July 1944,
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TABLE 1. DESCATRPTION OF PLASTIC WATERIALS USED IF THE INVESTIGATION OF FAIRING COVFOBITIONS.
ga-ple
sl
£ o Hatnripl Mannf goturer atursrte Dgsignatio Viscosity® aori
op-1 oallulome nitrate B. ind du Pont de Nemeurs | FX 7551 1/2 second
-2 oslluloaz nitrate k. ::c;dctu Pont ds Nemours | FX 7100 9 senonds Witrogen 11.974
-3 collulons nitrate E. im du Pont de Nemours | BI 7182 &4 peconda
[HY anllulose snotate Tennassos Eantman Corp. 309 25-3% msoonds pobtyl o0, 7% 2.50*2.?1 squivalants
hydroxyl s] 34 egquivalenta
QAP osllulose acotate ,E&vtann Kodak Oo, Enstuan 101943 527 gentipolses | acatyl 15(1).2 1. squivalents
. . ent
pmpiamato HET G S R
CAB osllulose meatate Eastmen Kodek Co. Esetnen 101939 300 oantipolnas | moetyl 1206 a. equlvalents
butyrate butyryl 15.44 o sguivalante
hydroxyl ~—— o aquivalentn
Tl vinyl aostate resin Carbide and Carbon AYAA 27.5% solids
Chamlasls Oorp.
Vi-2 vinyl sostats rssin Oarblds mnd Qarbon AYAR 21.0$ solids
Ohem)onls 0Orp.
i3 vinyl sostate resin Oarhide and Oarbon ATAY 18.0% solids
Chexdicals Oorp.
1] polywiyrene Konaante Ohemioal Go. Lustron
M1, =othyl mothaorylats Bobm and Aees Co.and E.T. onss polymerired dheet.
resin du Pout de ¥emours and o
-2 methyl msthacrylate K. I. du Font ds Nemours | Wo. 28191 cant polynarized sheet,
Tosin and Oo,
-3 mothyl methan:ylats imerioan Solvents Oorp. compression moldsd from mixturs of
rasin mongmar and polymer.
13 toormoplastio pneanolia | Dures Plastios snd 5116 Durex idbeeive
resin Ohemlonle, Ino.
PRl phenol-formaldshyds Bakelits Oorporstion Bekelite IO 11749 ourad with B5% oatnlyst XX 11753
Tosin
P2 Thanol-forsaldshyds The Hesinous Produnta Jmbexlite PR-1% unfilled xesin molded at NBE
resin end Chemioal Jdo.
o trea~formeldshyds Tha Resinows Produots 0B 550, 00ld s&t | m'illed resain molded at WBS
resin and Chemiosl Oo.
ur melanins~farmaldshyda Jmerionn Qyanemid Jo. Melnao Resin, oold et R-11P2 mfilled Tomin wmoldad at NBB
TABLR .

8.

The viscosity velnas were obtained in ithe memnfsoturers! lakoratories by the followlng varlety of methods (in parts by weight unleas

otherwiss notad):

Oaliuloss nitrate sexiss OF-1,-2,-3t A.8.T.M, falling bell method, uweing 204 solution in sostons (A.S.T.M. Btwndsrds, Part IT, 13%£).
Celinlons sostats OAt  A.B.¥.M. falling ball meibod.

Cellulose aoetats propionats JAP!
Celluloss scatates butyrste CAF:

A.B8.7.M. falling bsll method.
AB.T.). falling ball wesbod,

Tinyl scotate meries Vi-1,-P,—~71 Ferosntage solids required %0 glve & visoasliy ¢f 110 * 10 cen¥ipoises as 20°P0 in wathyl iessutyl

atona,

B AR £, 7

g

og
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TABLE 2.
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DESORIPTION OF FILLERS USED IN THE INVESTIGATION OF FAIRING COMPOSITIONS.

Mgterigl

—Menufpcturey

eluminun, powdered

eluminum, filings

jaluminum oxide, fused
jbronze, powdered
ocszbon

china olay

ferric oxide
glass, fiders
glass, powdered
*| gZlass, powdered
Eypaum

iron, powdered
iron, powdered
lead oxide, red
lesd, mhilte

nagnesiunm silioate

Portland cement
quarts, fused, powdsTred
sllioca, powdered
silicon cazbide
silicon cerbide
silicon carbids
titanium dioxide
sino dust A
zins dust B -
zino dust O

tine oxide

sinc oxids

sinc yellow

magnesiun silicete (minersl,
magnesium silicets (nineral)
(mineral)

magnesium silicete (minersl)

Manufacturer's
Degliguation .

Acme Bronze Powdsr Co.

Basxr Brothers
Columbian Carbon Co.
J. Lee Emith and Co.

0. K. Willlems
Owens-Illinois Glass Co.

Chas. Hardy, Inc.

Advance Solvents and Chemical Corp.
John T. Lewls Bros. and Co.
Eagle-Picher Lasd Oo.
Internstional Pulp Co.

Interastional Pulp Jo.
Internationsl Pulp Co.

International Pulp Co.

The Oarborundum Co.

The Oarborundum Oo.

The Garborundum Oo.

Tha CGarborundum Jo.

Titanium Pigument Corp.
Mellinckrodt Chemicsl Works
Amerioan Smelting and Refining Go.
J. T. Baker Chemicel Co.

Xew Jersey Zinc Co.

New Jersey Zino 0b.

Xrebs Pigment and Coler Corp.

Denoriptien

Ted. Spec. TMT-A-476
imend. 3, Type &

gold No. 661
Mioronex

indien rTed
bulk textile silk

Asbestinn FT
Asbastinu 5X
Asvesting 3X

Asbestin: CG

fused quuartz

Fr
Titanox A

xx-~601
XX~503
JIH67-D

140 meeh and finer 434
100-140 mesh -
TC=100 mesh

spprox. 45% 810,
kot A1005
1‘11 loss”on ignition
1% aiscellansous

approx. 95% To 0

bottle glass, ground in ball mill 16 hours
ground Pyrex glass, 1i0 mesh max.
C280y.1/2 Hg0

200 xesh

manufgotu~ed by iron osrbonyl process
Pog0y

basic lead carbonate

325 mesh rapidus O.5%
oil absorption

325 mesh residus O.
oll sbsorption 25.

mesh residus I.ﬁ
oll absorption  20.

395 mesh residus z.g

oll absnrption 12.

300 mesh

60 mesh

220 mesh; random particle sige
FF¥; very fine

anatsse

acloular type
round type

zzo.uzno.uc:or 3Hy0




TABLE 3.~ COMMERCIAL FATRING COMPOSITIONS TESTED

Material

Manufacturer

Acme Glazing Putty

Bogtik Cement Ho. M 356

Tuf-On No. 12, Spot Filler
Tuf-On No. 15, Streamline Filler
Velentines Nitro-Valapsr

Opex Glazing Putty

Acme White Lead and Color Co.
B, B, Chemica-l Co,

Wipe-On Corporation

Wipe-On Corporation
Valentine amd Co.

Sherwin-Williams Co.

*OX NI VOVH

896

(44
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TABLE 4. FESULTS OF WATCR IMMERSION TESTS OF PLASTIC OOMFPOSITIONS.

R Indhnion after 24 hr.
Oowzosition b 1-""'“'53“ water 3t
Designgtion Plestic Feight lastiojzer® or Filler — Weight | Solvent® — Weight . 25°¢
-3 g- [3
1 cellulose nitrate CH-2 ao TPP 4 ¥o. 1 100 falled
2 osllulose nitrate ON-2 6 e} it No. 0 failed
a cellulose nitrate ON-2 16 8¥-17 |3 Xo. 2 %0 failed
cellulose nitrate ON-2 1€ TPP L Yo. 2 20 £alled
5 oellulose nitrate O-2 16 a8 i Xo. 3 %0 Fod
o cau-golitinn % with zinc exrratic - blushing
chromate primer undergoat
; cellulome nitrate CH-2 16 ax-17 3 Yo. 3 g0 ool
composition 7 with zino
chromate primer underccat erratic - blushing
< cellulose nitrate OK-2 16 PP i Ho. 3 &0 failed
10 csllulose scetmka 16 TCP b ¥o. 4 %0, Zalled
11 ocellulose acetate 16 6X-17 h No. & &0 failed
12 cellulose acetate 16 TOP -3 Xo. § %0 failed
13 oellulose moetate 16 8M=17 4 Ro. 5 0 feiled
1k oallulose acetate propionate 16 36H -4 Yo. & &% failed
%2 oellulose acetate propionate 15 TBC L3 Ho. 6 .80 failed
callulose scetate propionats 16 BU-17 .3 Xo. 6 %0 falled
17 csllulose acetate proplonats 16 GH 13 ¥o. 7 -t fgiled
18 celluloss acetate proplonmte 15 13 ¥o. 7 0 2ailed
19 cellulose acetate proplonate 16 BU~17 L ¥o. 7 0 folled
20 cellulose acetate propionate 16 308 3 Ho. & % felled
21 celluloss scetate Lutyrate 20 PP i Ho. 9 100 falled
22 cellulose acetate butyrate 16 GE Ho. & %0 failed
2 oellulose acetate busyrate 16 L Xo. 6 0 falled
2 oellulose acetate butyrate 16 8U-17 & No. € 40 falled
2? cslluloss acetste butyrate 16 GH & Xo. 6 & failed
2 cellulose scetats butyrate 16 13 ¥o. & %) failed
27 cellulose asetats butyrate 16 . 8)-17 '3 No. 8 80 falled
o8 vinyl mcetate VA-2 1 Al powder 6 ¥o. 10 25 goed
29 vinyl acetate VA-2 7%.6 Al oxide zg.lr Yo. 11 -— god
Al powder
30 vinyl acetate Vi-2 with zinc Fo. 11 —-— good
chromate primer undercoat
1 vinyl acetate VA-2 ko Ho. 12 -— good
2 vinyl acetate Vi-2 Lo Yo. 1 - good
33' vinyl acetate VA-2 ko No. M gg good
vinyl acetate Vi-2 L) No. 15 good
35 styrens with zino chromate Ho. 16 -— questionable
undsrooet
36 styTene 95 DEP 5 No. 16 == Zailed
37 styrene 95 DEP 5 Applied with heat goocd
3% msthyl methacrylate M1 Xo. 1& -~ erzatio
ag 4 wmethyl methacrylate M-l Xo. 1 - mwod
wethyl wmethacrylate Mi~1 with sinc ¥o. 11 - qusstionsble-- blushing
» chromate primer undercoat
158 methyl methaorylate MU-1 with zino ) No. 17 == questionable = blushing
chromate primer undercoat
k2 phenol-formaldenyds, thermoplastio ?od
b3 phenol-formaldehyds, thermoeestting, Hicronex 20 alled
oured cold with cstalyst '
i ueu—ﬁm:ldahyde, oured cold with separated befors test
catalys
45 nelpming-formaldehyde, oured cold separated before test
with ostalyat
a. Identification of plastiolsers:
TPF - triphenyl phosphate 30H ~ triethylens glycol di-2-ethylbutyrate
a8 - glycol sebacate YBO - tributyl citrate
8y-17 ~ santicizer Y-17 DBP - dibutyl phthalate
TCP - tri-o-cresyl phosphate
b. Identification of solvent mixtures (parts by weight):
No. 1. methyl ethyl ketone 25, ethyl acetate 57, dimcetcne alonhol 10, Eo. 10. ethyl acetate 19, butyl acotate 6.
butyl scetate 15. No. 1ll. acetone
No. 2. aostors 8, ethyl moetate 16, toluene 40, diacetone aloohol 16. No. 12. butyl acetate k.4, sthyl acstate B5.6.
. E acetone 10, methyl othyl ketone 32, diacetons aloohol 8, ¥o. 13. bdutyl acetsts 15, methyl ethyl ketorfe X5,
No. k. ncetone 32, methyl ethyl ketons 20, ethyl acetats 20, othyl lsotate 8. No. 1l%. nitropropane.

¥o. 2 acetone 32, methyl ethyl ketone 20, ethyl scetate 20 d.éuoetonn alcobol 8. No. 15. mnitropropans &€, butyl scetate 12.
No. 6. ecetons 32, methyl ethyl kstones 32, dimcetone alcobol 1B. ¥o. 16. butyl acetate.

No. 7. acatons 32, methyl ethyl ketone 32, ethyl laotate 16. Roe. 17 scstone 50, nitropropans 50.

Yo. 8. diacetoae alcohol &, nitropropene 72.

¥o. 9. meshyl ethyl ketome 75, dismcetone aloohol 15, Csllosolve 10.




TABLE 5.~ MOISTURE ABSORPTION OF VARTOUS PLASTICE

*ON NI VDVN

Plastic a%o;:;:ﬁna Source of datad

Cellulose nitrate 0.6 = 2.3 PC
Celiulose acetata- 2.0 ~ 11,0 PO
Cellulose acctate butyrate 1.6 - 2.1 PC
Vinyl acctate VA~2, unfillod 1.16 NEBS
55 percont asbostinc, § porcont aluminum, powdored 1.15 NBS.
55 percent asbesgtine, 25 percent zine dust -8l ¥BS

Styrone 0.00 - D'.C}'j+ PC & EBS
Mothyl methacrylate 0.4 = 0.5 PO
| Phenol-formaldehyde, unfilled 0.1 - 0.2 PC
| Urea~formaldchyde 1.0 - 3.0 ®C
'Helamino-formaldehyde 1.0 - 1.7 PC

Bg6

®Determined in accordance with mothod No. JOFL of Fedoral Spoc. L-P~U0Ga.
bPC - Plastics proportics chart in 1944 Plasties datalog.
‘EBS - National Bureamt of Standards.

e
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TABLE 6., THERMAL EXPANSIVITY AND SOFTENING RANGE OF UNFILLED PLASTICS WITH AND WITHONUT PLASTICIZFRS.
Specimen |y RlEOS et Sxpeacioity | Temposatuse
) g 7 -50° to 0°C Isn
10~%/%¢ °g
1 CN-1 80 1-17 20 55.0 28-40
2 CR-2 93.75 PP 6.25 79.2 4o-61
3 do. 80 S1U-17 20 73.6-T4.1 25-37
L Same as 3 but dried at 5090 for 32 hrP 55.1 bz lig
5 Same as 3 bLt dried at 50°C for 48 hr 53.2 47-54
3 CN-2 5 . BMel7 15 64.0 35-40
7 do. 90 do. 10 Sh.1 houlh
8 do. 95 do. 5 89.L 45-52
9 CN=~3 0 do. 20 93.2 37-42
10 VA~1 88 Treceived 75.3¢ 23-30
1 ¥a~1 baked 16 br at 105°0 4.0 30-32
12 VA-2 28 received 80.2-82.24 15-20
13 Vi-2 ba.kéd 16 hr at 10500 74.3-76.34 28-38
il VA-3 a8 :E:eceived { 78.7 17-23
15 VA-3 baked 16 hr at 10590 72.5 30-35
16 P8 66.6 55-42
17 P8 dissolved in ethyl acetate, eir dried,
end baked 16 hr at 105°C 76-5 55-67
18 PS 95 DEP 5 70.1 55~-T72
19 We-2 71.4® $7-100
20 M-3 thin sample 91i.8% 70-79
a1 03 thiéker sample 95.1% 67-78
22 PP-2 38.8-39.6%
23 wr 43,88
L ur k2,58

8The plastios are identified and more fully described in table 1.

bAll other samples of cellulose nitrate were air dried and then dried for 16 hr at 50°C.
°Samples about three years old.
dneasuzements on speolmens from different batohes.
®For rangs of temperatures 20° to 50°0.

fThe lower expansivity represents a longer curing period.

Egamples cured without solvents at 300°F.s



a. Data odbtelined from - Gardner, Henry A.: Physioal and Chemloal Examinstion of Palnts,
Varnishes, Lacquere end Oolors, Ninth Edition, May 1979, and

b. Traneition to rubbexrllike metarial.

Handbook of Chemistry and Physics, Twenty-Fourth Edition, 1940~

1941.

0. Bpeolmen prepared from different ba.i';ch of ingredlents.

d. Materlal baked 16 hours at 105°C to remowe volatile impurities.

TABLE 7. THERMAL EXPANSIVITY, SOFTENING TEMPRRATURE RANGE, AND HRSISTANCE Ty EXPOSORE AT LOW TEMPERATHURE
: OF COMPOSITIONS CONTALMING 50% VINYL ACETAYE HESIM Vie? znd S0% FILLER
Coefficlent of
8 Linear Thermel
Density Amount by | Wo. of Cold- Exganaiog, Softening
8pecimen ' ot Volume Warm Cycles g ng
Number Pigment Pipment (%) befors Fallure (10- /og (°c)
1 Lead oxide, red 9.0 11.7 2 65.2 22.24
E Lead, white .7 15.1 10-30 62.1 28-32
Zino oxide (round) - 5.57 17.7 D 56.9 2333
2 Zino yellow (chromate) 3.53 25.3 56.8 ——
Ferrio oxide 5.15 .8 I-30 %.o 33-35
7 Portland cement - - [5':30 .1 18.25
8 ,|Biliom, powdered (300. mesh}) 2.66 31.0 20 45.6 20-27
9 Titanium oxide (anatese) 3.9 254 >30 45.5 35—38
10 Bronze, powdered 8.6 12.1 - Is,2
11 Zinc oxide (acioular) 5.57 17.2 >30 h5.2 31—&7
12 Carbon, Micronex 2.25 3l 30 39.5
1 Alumimm, powdered 2.7 30.6 30 33.1 25..30
1 Quartzs, fused, powdered 2,14 35.8 - 37.5 2328
1 AB‘baat:lne FT 2.25 31.6 - 32.0 32-35
17 Asbestlne 2.58 §1.6 >730 35.7 33-37
15 Asbestine x 2.58 1.6 >30 23.5 23.28
19 Asbestine QG 2.58 31.6 - 8 37-40
20 Asbostine HX_ 2,58 31.6 >30 31.5 37-40
21 Asbestine 5X° 2,58 31.6 - 30.8 33-37
Vinyl dcetate AYAF® 1~2 . 3-76.3 28-38
Alupinmm 2-5 ! 21,.6-21.7 ——

B@A ‘oN NI YIVN




TAFLE &, PROFFRIIXS OF FILIED YINY], ACKTATE RESIN OONPOBYTIONE,

IR VW BERNRRBABABER G55 FakEBvawswnmrwne E%

BESER PSR E S

—Goxmong blon
| Remin o Fles _Mﬁaﬂa% o w4 Softening Oold-Yaru
—AESTNT | —?n 2 a Cyplss bafors
| _Ixpo (%) __Twe [T _Type () I"n) [C failure® Besazka
il 40 Mparkire 5X -] Ammime powdered. 5 31540
-2 0 Aminom, £ilings g E £21-30
. 3] Alomimm oxids, foded 1525 , Gorpasition Dot baked
&: % d0. 20 62,1 4 ; Oowposltion baked
do. ASpoatine FT .1 Eg
do. Asbestine 5X 24,1
4o, .8 do. 684 20.&
a0, Asb X E1.} b ]
ao. 33' Bronxe, puﬂuud g-; 25-3
ao. . ? 0 Uhﬂlﬂcﬁ
0. 5 Mass nber- 16,7 t pa- 1 Difticult to apply
4. @lass, bottla . » 30
dn. (lass, Pyrex 20.8-80.3
da, 30 Tron, powdsrsd 200 mash 50.0 ox-28 »%0® Filler particles conoentratea
do Iron, powdsred (owrhonyl) 1] 28 pd » po::mn bo motad
. 2 Oonx - -
do. fii1ica, powdered ; ﬂ.g E ? »
do. Bilioon omrbids, 60 mosh 5.5 >30 Fillsr particles conosptrated
n im portion noxt %o metal
3o, -T0 8]11100n Oarbide, 220 mesh 1 a5~ 230, do.
3. n 8115000 ﬁl;:hid.o -1 25~ » do.
. w .
do. E (h:ﬂxﬂ,: Mioronsx p:l.uts.uu-: ki 2.5 “.g 30 piffioult to apply
da, k2. dp. 1.5 ﬁ.u H do.
do. 21.73 dn 3.75 ; 12 » da.
do, Anbestine T¥ n‘bnnt!nn oo . g »
do. .6 Al o, rod X .1 20~ 730
do. Asbostine n'_im'pod-m 36.0 33-_30 0 ¢
do. do. - 21.1. )
do. Lo do, d.n. 32,7 10 Mr-drisd; oontained 3.5% scetons
do. ko do. do. 5 .2 31 AMr-dried 1 weok
an. 4o do. % da. 5 -7 10-13 »30 Jh—d.{éo:j. hi sgg:um baked for
n. Al
4. ho do. 55 %0, 5 .1 28-30 Oant speoimen, baked 16 hr at 1.05%0)
o 5 i s5-he to remove solvent
. 0 a0, th. 20,
0. ap. 2 do, # 13 14.5
de. do. 10 13,
do. . do, Zino dust A 20 0.5 M"ﬁ
[ 18 20 do Einn dust B 25 £0.8-20.9
do. 20 do do. 22.% ga-he
T do. %0 Ashoriine 51 Alxmlmms, powdered 2.9 B
do, g.s [} & 1 8 .0
do. do. 21.9 .
do. 20 0. dnet B 21.8-23.5
do. 2 do. #ino dnsk O . xg
do.- 22.7 do. .2 zina yellow .1 .4 B
[ . Bromse, powdered 11uminmm, popdored oy 32 »30
d0. do. dn. 26.1
3 Asbostine FY 9.8 2640
do, - ssbanting aég
da. .5 asbentine T3.5 Alrwtmas, posderod 2 20,0-20,2 L]
do. ho Asbestimg 3X 5H . 2.8

Bes “ox Xl YovE

Mixturas were sppliod with hagt snd pressurs unless ptharwise indicated.
Applied with solventa.

Gradusl trenaition 507 to %0°0.

Tramaition 33° sa 2790,

fransition 5° to 18° a.

Trassition 10° w0 ROC.

“2




TABLE O. THERMAL EXPANSIVITY, SOMTRKING TEMPEIRATURE, RANGK, 4ND RESISTANCE TO EXPOSURE AT LOW TRMPERATURK OF FILLED POLYSTYRENE GOMPOSITIONS.
Sospoaltion
Bpocine Poﬁ]l.olm.t of T nmm"rig::r Txpaneivl Softening urggld—:a?n
climen ystyrene | xd x or 1 | - as Belfore
ar (Hr D Apowmt %] ] i%‘@"o) R?HE? Fallure™ Remarke
1 26 Asbestine 31 ™ i 23.3 300
2 50 do. 50 A 309
3 k7.5 Alvminom, powlexed 25 Asbastine 3X ? 35.9 60-75 —
Plasticlzer DBP .5
b 50 do. 50 37.1
5 70 Aabestine 3X 30 ys.p 72-88 1 Conditionsd in desicoated
atmosphers.
[ ] da. 30 k5.8 Oonditioned et 50% relative
. bumidity.
7 56 Aluwdnom, powdersa 25 Aluminum oxide k6.9 5357 30¢
) Plasticizar DB;P '

66.5 Asbestine 3% 30 Plasticizer DEP 3.5 52.8

9 100 | 76.5° | 1

BO8 °oK Al YOYE

8.

Neterials applied to alumioua alloy 348-RT witn nest and pressure. 1n other tests, referred

to in footnotes b t0 =, inoclusive, the following solvants were used o apply the
saterials to Duralimint
Bolvent A: Ethyl acetate 90, butyl aosiate 130, xylens 90, tolusne 130 parts.
folvent B: EKthyl acetate.
Material withstood 15 to 30 oyolas when epplied with solvent A.

Material withstood # to 30 oyoles when applied with solvent B.
and & to 12 oyoles when -2pplied with solvent A.

Matorial withstood 1 to 30 cyoles when epplied with solvent B.
Styrsns dissolvod in sthyl scetate, baked 16 hours at 105°0 to remows molvent.

8
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TABLE 10, THEEMAL EXPANBIVITY, BOFTENING TRMPERLTUAE BANGE, AND RESISTANCE TO EXPOSURE AT LOW TIMPIRATURE OF FILLED OFLLULOBE XITRATE COMPOSITIONS,

OGopposition
Amovnt of |
Emgu Oslluloge Nitrate CN-2 Fillsr
,_Nuonber (%) 1
1 h2.6 berkine 3X .5
-] 60.0 Alowinom, powdsred 25.0
3 61.0 do. 20.0
Tirst determination
i
Hsacnd determination
Third determination
Fourth dstermsination
5 Talontines Kitro-Valepmr

ler or Flast
Tyoe

Plasticieer TEP
Plastioimex B8X 17

Alvminos oxlde
Fleastioizer TFP

Oold-YWarm
I tlonal pranuviogr Softening | Cyolas
[ 3 -?0" 20 [} R?ng Before
10-6/°¢) [ Falln Heunxks
2.4 h6.5 k2 to &7 Pignent clumped.
15.0 hak 30 %0 38 | Failed be-
fora tast.
IES
’ . to Oonditioned ut
531 % & >0 rolative hm:d:l.?;?'?
50.5 Not dstermined. Desicoated atmosphers
oonditioning.
52.2 do. Qonfitioned 4} hours at
1004 relative husldity.
. ao. Oonditioned 1 week at
231 100% relative mmmldity.
4.4 |28 to -13

tirnl exred
gttt x7 g

8. Temperature ramge -70° to -30°0.

2]




TINE XL ACCEEERSTED EXATEERTEG TEFT OF FAIRING COMPOSTITIONS APPLIED TO ALUMINUE ALLOY, 348-RT.

B9E "CE AI YOVR

e

__ Compositton —
s a1] Fillsr i
&x ot gLeer
J3nech am: Incunt _MW
Tembezr | Trpe e | (B ) Ttroe | (D)
1 -2 Aturinne powdered
2 do. [ dg. 5’2
: éo. %.5 da. 20 Alowirom oxide 5.4
éo. astestims 3X %
] g % E:I'Iln:a-pom i
7 de. Sleas, bottle %
4 do. ; Iron, powiornd {carbonyl)
H?- z- 50 Logd oxids, red ;
i :Z a.s Caxbon, WicTomex ?3 Plesticizer 3H | 2.5,
T o, ?: milieon caxhide FP £
b 3 ée. = Titmains dorxide g
15 o3 5 » powhersd Alomiomm oxida 1E
16 do -] Asbentine 3L e e
¥ d. | = 3. ?Z
] a2 | = ¥, Plesticirer 5%-17 20
1 s | 703 Al o, poradaznd % Plasticisar TP | k.7

Obasrvations Regardinz ifhssion and Qondi

fron metel eftsr 117 hrs lighi, 2% hrae fog.
Satisfaotory; aoms chalking.
Bakiafactory

loose dﬁ:lﬁhﬂ gt 54 hrw fog; mo further damage.
aotory; .
Batisfeotory

do.
Pitted after 79 hre light, U hra fog; sdhoslon satisfactory
Satisfactory

dn.
Oompletoly saparmted efter 15% hras 1light, 30 hxs fog.

Pyt s 4 e o
og.
Apnlied with lolvn:r:g:;! bﬁntand aftor 79 hre light, 14 hra fog; bedly
disoplored; ation eftsrlf6 hrs light, hxs fog-
Spolied with solvent®; completsly separmted after 99 hrs light, 24 hrs fog.

-n. Omgositions wers applisd to the meinl with heat and prassure wnless otherwise indionted.
B The polvent mixturs was ab Tollows:; KRootons 30, methyl ethyl kotoma 32, diacokons aloohol & parts.

oe




TABLE 12, ADMESION OF FAIRING OCaPOSITIONS TO ALUNINUM ALLOY 248-RT DWRIEG VIBRATION AT ALTERNATE LOW AMD ROOM TEMPERATURES,

Bolids
‘ Aol mom , Liqud Cowposition 1es of
Spacimen VA2 Resin unt Pozd.ored fo bration
T (% Ivne (%) (£) ven befors Fuilurs® | Observetions Begarding Adhesion |
1 Asbestine [i] Oellosolva 1 COoating pecling; not completel .
g 2 i ?3 0 gallomolve 67 ' y axy
Mathyl acetate 3 do.
3 50 do. 50 0 Oellosolve
Ethyl acetate 33 2 d0.
4 50 do. KO 0 Aodtons lt08 Gorner & at start.
2 go do, gg 15 Cellosolve i Sepaxation center; pseling.
0 do. 1 Hame ns 2 1 Coating pealing,
1 50 do, g b1 Sema 28 3 >10 Longer drying time ther %,
8 50 do. E 1 Cellosolve 67
Acetons 33 10
? Yo oo % > Boms a2 3 Longer drying tims 4han 3
nger an
10 ko do. 55 5 E+hyl acstate ’
11 ho do, 55 5 Hethyl acetate ?
12 ho do. 55 5 Acetons ’
?
1 Bronxa, powlsr ad 65 0 Beme an 3 pit
1 do. 0 Seme 88 8 2 Ooxrner loo@e.
::ll.z 35 da. 0 Sems 28 2 10
35 da, 65 s Gellomplve %10 Dried several weeks.
17 50 do. 35 Lg Bome @8 3 510
18 50 do. g5 1 Benzens g
19 R0 do. 5 15 Gellosolve pal Dried saveral weeks.
20 50 do. 35 15 Soms us & 10
2 Bostix X ~ Applied withowt prime ooat L
22 Bostix K - Applied over ginc chromnte primer g‘b
>
3 Tuf~0n Ro. Il! ;b
-} Tof-0n Ko. 15 5y
1 3
m. Strips of 0.013 inoh sluminum alloy coated with fairing composition wara vibrated as cantilever
bosms at & rate of 1800 r. p. m. and an tude of 3 degraea. Vibration at 359 to -8690 for
1 hour and ~85°2 o 36°0 for ons hour constituted m cyole. .
b. Amplituds incresssd to 5 degreos after 5 cycled at 3 degrses.

"oy HL vovi

868
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PAELE 13, ADERSION OFf FALRIEG COMPOSITIOEB TO ALURIRUM ALLOY DURING A4COELIRATED WLATHERIHG TEST, INCLUDLEG EXFCAORE TO —-30¢C.
Solids Composition Tiquid Qomposition used fox 1iocation®
pogiman Plastlo Hllax HMller or Plastigjrar Observations
Ho. Type A-;nnt Type Anount Type Amount Bolvent Parts regarding sdhzsion
% %
1 T2 50 Asbaatine HX 50 Jootone Adhsred throughout tast.
2 do. 50 do. 50 Aoatone 90
Callamolvs 10 do.
3 do. 25 do. ™ Oellosclve 67
Hethyl anotate 33 do.
& do. 40 da. 55 Aluwinom, powlared B Aostoria do.
5 do. W0 do, ao. Methyl acetats do.
B8 ho an. do. Acatono 90
Celloaclye 10 da.
T 4o dn. do. Aontone E
Oellosolve do.
.} d&. MO do, do. Ethyl acetmte 2;
Oallosolve do.
9 do. 40 do. do. Yarious; applied over Eino
chrome$s Drimer do.
10 do. Zino oxids, moiomlar Aoetone 90 -
> ! ® OollomolveP 10 do.
n do. 5O 2inc oxids, round 50 Acstons 90
Callosolved 10 do.
12 b h7.5| Asbestine 3X 25 Plassioleex DEP 2.5 Xthyl acetats Xige separatad efter 36 hx
Alumimm, powdersd % 1ight, 6 hr freezing, 12
) hr. Tog.
13 cE-2  70.3| AMuwinum, powdersd, 25 | Plestiolxer TPP E7 Apetona 7] xdge .eparaved aftar 19 br
Nethyl othyl kotone 32 1ight, 3 hr freezing, 6 by
Digostona alsohol 8 fog; uo-glate .1 tlon
siter 17 1ight, 17 br
freaoxling, hye fog.
L -2 &0 do. 25 | Plesploizer 817 15 Aostone ko *dgs looss mfter T2 hr lighy
Usthyl ethyl ketons 32 9 hr freasing, 15 hr fog.
Disostons aloohol ]
1 Boatlk 1ied with spatuln; no prise Edge looss after 13 hy lighd
5 owment ‘ggu 3 bhx freexing, 6 hr fog.
356
1 do. ipplied over sino chromsts Burfaps cracks mftar Gt kv
¢ primer 1ight, § hr fressing;
. hr fog-
1 fuf-0n ¥o prims omd Mbanion good; chalicing
7 Yo. 12 pet Sfter 54 hr light, ] bx
freasing, 1% hr fog.
18 Tuf-On Ho prime ocoat Mhesion good; challing
¥o. 15 ftor 49 hr light, 11 br

freesing, PE hr fog-

Rooptings dried b lsast 10 deys bafors stard of

wasthoring sest. *

Byuateriala sofé a% atsrt of woathering test be-
A ase of Tovelnsd Cellosolve.

£g96 ‘2N NI YOVR
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13

1]
a b :mw.ml.lﬂ% Liguid Gorpositicn Jeed
\ .hrgnt 1
s Type Iil._._‘Ill
L%} 5x 55 | Alumimm,powdarsd 5 Acatona
ko 5 5] do. 5 Aoetono 1
Ethar [
L 5] 3 55 do. 5 Kther ?)
l:nth"il.o Gellosolve 3
ko 6x 55 do. R Fthar %
Nothy) Selisentre
1B 5x ] do. 10 Sostona
15 I -] 4. 10 Aowtone 1
Ethar 2
™m.5 | 5x .5 do. B Aoetone
2.5 3.5 [ 2 Aperhons 1
Eiher 2
15 || Gypana® 10 Aoatione
Bx ™ do. w 1
B Ethar e
20 Bt 60 do. 20 Aostona
5x 60 8o, 20 ;oatone 1
] Ethar 2
2.9 | 3x n. ins dosd k. Aostons
23.8 | Ix 1.4 a0, 5.8 Mastone 1
Rthar 2
&0 Ix % da. 285 Jostone
20 do. Ieotone 1
> » = Ethar |
T | 3x 6.8 | 2inc yellow 9.1 Boetomn
. g4, 2 do. 53 Aesstons 1
T |3 9 by H
"h:l.entuiu W13ro-Yalspar
Acwa (laxing Putty

Flaxibility | Drying Time
at Hoom for Banding
fure {br) Nopkebality |
Good, Approx. ph Falr
Blight atlon at odge after . do. ] 811ghtly gummin,
16 hr 13ght, ¥ he fog, 2 hr freare. gtly :J
a1 maparstion at edgs Afkar do. M. > oh Yair B
85 ght, 20 hr fog, 10 hr froome) >
Passed do. do. > do. 3
o
Edgo looso after 17 hr lipght, 6 e | 81lght moparaslion after 69 hr Poar Blightly Grannlar ©
for, 3 hr Troszo. ' 1igh%, 14 hr fog, 2 hr freezs; bristia. Ao g
fallure progrogsively worae. 2
Oracksd and oowplstaly meparatsd Blighs ssparation sfter &9 he o, a do.
eftsr 2 hr fog, L hr froese. n£. 1A hr fog, 7 hr freess.
E@ soparatad Rf¥er 69 hr light, Puosad, Good Blightly sof¥ Yaixr
kr fog, 7 hr freose. 2
31ight separakion nt adge afber aaparated aftsr 58 by Light do. do. dn.
L8 & Lght, 22 hr freozs, Bt o br fog, T ke freass, !
OB.
Poox 2 Hompy
Bepszated 5of stex 116 hr Mghy, Pasaed bristie.
kr fog, hr freess,
Dowp orack obosrved at end of test. 2::]:0::“ obssrved at a3 of do. 2 da.
nmhd] (msohanically) aftor 22 hr Fasined Fair Blightly moft Good,
lighs, B br fog, 2 hx fresza. 3 to A-1/8
Fassed do. do. Bn;hg‘l.r mft do.
Commex sed after hr 11 da. Tair %o Blid:ta soft Tair
Jeh'rm;,ﬂh:rt:un.‘!'ﬂ o good. 3 %o 1/2
4o, a0, W Berd in B Good
Glight edge crunk afisr B hr fog do, Foir a1 y moft do.
1 hghtruu. ' 3 muz
Paspod Jo, do. Hoed 4in da,
1 %o 1-1/2
E.Entm after P2 hr light, do. 0. Jpprox. 4 a0,
tog, 2 frusss.
Oracked aftor 41 hr light, 6 hr I Xdge sepmratod after 2 br fog, 0. ) a0, da,
g hr tm:g; locse after hr ngﬁ{. 1 hr freexs.
hr fog, & hr tm;z; brokan off
aftor HO M light, bhr fog, 8 hr
froezv.
Edgs locse, oracked sfter Orsoked and Sad alhon do. do. da.
16 ur 1ight, & ur fog, 2 hr fraexzs. | 86 kr 1ight, 15 bxr fog, I b
freexe; removod primeT,
ssparated afher 17 hr light Looso aftar 2 hr foy, 1 hr Poor 4 0.
E:g fog, 3 mln;Tauhﬂ tar| frasme; separafion more pro- buﬁil.
hr 1ight, 14 hr fog, 7 hr freexs; | moumosd after 90 hr 1ight,
upum#umgonn@t. 22 ur fog, 11 fr freess.
22 Br Lo, 11 he freess.

Commgroial gypsum, mo$ hydested; hydration tskos plaos on expowurs.




TABLE 15.~ DENSITY OF FAIRTNG COMPOSITIONS BY WATER DISPLACEMENT METHOD

Composition Type of semplo Density
Acme glazing putty Cast 2.9 - 3.3
Bosbik M~356 Cast 1.4
Tuf-On No. 12 Cast 2.0
Tof-0n Fo. 15 Cast 2.0
Valentines Fitro-Valspar Cast 2.7 - 2.8
40 percont viny)l acotnte VA-2 Moldod 1.8
55 percont asbestine Cast 1.0 - 1.4
5 percent alumirum, powdored
20 percont vinyl acotate VA-2 Molded 2.4
55 porcont ashestlno Cast 2.0

25 percont zinc dust

ON K& VOVHE
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TARIX 16. DATA FOR YARTOUB PLAGSTIOS AHD FTLLEHS FOR UBE IN RQUATION II IN COUPOUNDING FATRTNG CONPCSITIONE TO ORTALN NESIRED FXPANOTVITY.

“OX R TIVh

a9e

L b e’
A, Nepmurod En Monsurad B.a.tl.na of Filler,
Jaterlal (20" /%0 E1nsan®) (55/%0) | qaoBunyin®y 77 aliatad Desoription of Plament Partiolss
Vi-P 75-53: l'ﬂ;
Vi 712. 2.
M 1658 1.56%¢
powlszed e 4.0 R0 100 Fine leaf pigmont.
f1lings a7 b0, n 2. ag Irreguler size.
Brongs, powlared i on- 2.1 16.8 1. on. Laaf pigment; particles wre lerger than thosa of sluminmm powder.
Carbom, Mloromex lg.hd 1 2.65 1. 0 Vory fine; irrepular.
Izcn, powdarsd (osrbonyl 971 ;-1 0.3 i-é Very fine unifors sphoricel pertioles.
lIn.snaa o ﬂﬁnige meNh 11-9‘" L 0. Irroguler ahapas; rund.mmpaNo:alniz;s.n
H [ .
Awbaatine FT s.tqv.#i e.en-n.ié Jolcwlar pertioles; r perticle Eize
ke 2
Asbestine (average) T. 2,6
quarte, fussd, 0,3% 2.8 & 1. Vory fine hreﬂgu partioles; random particls mixs.
8ilion, powt 3 1.99 9.% 1. goo Mesh snd finer; irregular particls sirs.
Mo dost 6.5 1.2 h 0. rregular #llipsolds snd apheres.
25.6 1. Vary fine romnd partioles.

A. Thore not othorwles indicated, expanaivities spply t0 the tesperature range -5D° %0 o%0.

b.- Oaloulsted from compresaibilities (1/X) and densitiss (d) tzl:un fxom Interrational Oriticel Tablas.

¢c. (Oaloulsted by the use of aquation II with data from tables & and K.

4, ‘I,smuuty mopuursd by muthors. Velue for VA-Z in averags for three batchan.

o, cwinted by squation I from data for mirturas of resin snd alimimm powder in tables 6 snd &.

I, Caloulated by squationTifromdats for mlxtures of Xeeln and isbestine 1n tables 6 and 4.

g, Mamsured on a spdcimen of polystyrens FS whioh was dissolvad in athyl mcetats and $ionm baked for 14 hr at 105"0 to removs splvent.
h, Caloulated by equation IT from duta for mixtures of Vi-2 mnd filler in tables & and K. )

1, Istimzted Tor nrla;fllding bronza, 97§ Ou, 2.97% Zn, .01% Pb, .0B% Pe.
j. Data reported in stxy amd Fhynlos k.

¥. Galoylated by equation IT from data Tor 50-50 wlxtures of VA-£ and fiiler, waing coofflolent of thermal sxpansion given in ocolmm 2.
1. HNeawurad for opld-xollsd steel for temperature ramge -%0° ta 0°0.

m. Dats raported in ¥.B.8. Solentifi¢ Paper No. 520




TABLE 17. OOMPARISON OF CALOULATED VALUES WITH MEASUHED EXPANSBIVITIES OF THREE COMPONENT NIXTURES.

17
18

.7

ER LMY Y ERBERREBEBSYE ES

Composttlon lxpansivig!sl-ogo"to o°c
Amount (%) | B Jmount_[(F] Uslonlated | Measured
 Ashemtine 5Y 35 Aluainom, powdsred 15 33.1 %o 35.5 36.0
do. 55 do. 5 25.8 to 24.9 | 27.7 to 28.1
do. 65 do. 5 21.5 to 23,2 P0.3
do, i) do, 0 4.9 4o 17.1 .4
do, 6o Zino duat A 20 17.5 to 20.1 20,5
do. 5 do. 25 18.4 to 21.1 | 20.8 %o 20.9
do, 45 do. 35 20.8 to 23.3 22,k
Asbestine 3X 55 Aluminmm, powdersd 5 24.9 to 30.2 271.9
do. 75 Zing dust 4 5 19.8 to 21.% 21.0
do. 50 #ino dust B 30 19.7 to 22.0 21,k
do. 55 £ino duet B 25 21.1 o 23.7 | 21.9 to B3.5
do. 55 %o dust C 25 21.1 to 23.7 2.6
dos 68.2 Zino yellow 9.1 20.0 %o 21.6 1.4
fronxe, powdered 35 Aluminum, powdersd 15 ha b ha b
do. 50 do. 15 35.0 36.1
Asbestine 5% 55 do. 5 27,6 to 26.8 29.8
Asbestine ¥T 73.5 do. e 21.0 to 22.6 | 20.0 to 20.2
Asbestine 3X 55 do. 5 30.5 to 31.9 29.8

§38 "ON K1l YOVR
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Fig.

NACA TN No. 858
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NAGA TN No. 958
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NACA TN No.S58
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NACA TN No. 958
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Fig. 5

NACA TN No. 958
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